This paper empirically studies the effect of public procurement on small and medium-sized enterprises (SMEs) 
I. Introduction
he public sector purchases goods and services from private-sector firms in order to operate. The primary objective of public procurement, the purchase of goods and services from private firms by the public sector, is similar to any optimizing entity in an economy: to purchase quality goods and services that are required at as low a price as possible. However, because public procurement decisions are controlled by the government, which is also responsible for other public policies, public procurement is regarded as an important policy measure for other policy purposes, such as supporting firms, particularly small and mediumsized enterprises (SMEs).
However, there are few studies and little empirical evidence to demonstrate that public procurement indeed achieves its intended goals. Considering the significant size of the public procurement market and the number of contracts provided to SMEs, it is very important to evaluate the effectiveness of public procurement with regard to improving the performance capabilities of SMEs.
To this end, on the basis of available information, the present study analyzes the impact of the public procurement support program of the government of the Republic of Korea (hereafter "Korea") for SMEs on productivity, more specifically total factor productivity (TFP) and the survivability of individual establishments. This paper is organized as follows. Section II describes the data and provides a basic data analysis. Section III explains the computation of TFP as a performance measure. Section IV details the estimation process and provides the estimation result. Section V concludes the paper.
II. Data and Basic Data Analysis

A. Data to Measure the Performance of Establishments:
Mining and Manufacturing Survey (2008 Survey ( -2011 This study uses Mining and Manufacturing Survey (MMS) data from Statistics Korea, the central government organization for statistics in Korea, to measure the performance of establishments. used the same database to evaluate the effects of public financial support programs for SMEs. This study shares both the basic dataset from that study and the TFP computed using the Levinsohn-Petrin production function.
The MMS covers every establishment with ten or more employees in manufacturing and mining every year. Although it has the limitation of excluding establishments in non-manufacturing sectors such as services, it has the advantage of enabling the researcher to analyze the effectiveness of public procurement for SMEs in the mining and manufacturing sectors comprehensively. Table 1 summarizes the descriptive statistics for the years 2008 and 2011 as well as the differences between the two years. One important and interesting observation is that a great part of the sales (KRW 352 trillion out of KRW 417 trillion), operating profits (KRW 39 trillion out of KRW 48 trillion), and payments for workers (KRW 14 trillion out of KRW 26 trillion) lost from the establishments that had ceased operations were adequately replaced by the overall increase in the respective variables of those that continued. However, the employment scenario was different; 840,000 jobs were lost when the establishments ceased operations, but only 183,000 jobs were created by those that continued, with 767,000 new jobs created by entering establishments. Hence, new firms played a more important role from the perspective of employment growth.
B. Public Procurement Data of 2009
Public procurement data are drawn from the Korean Public Procurement Service (PPS). Although the PPS does not handle all public purchases of goods and services in Korea, it is unquestionably the most important government body for public procurement and is responsible for major procurement contracts. The dataset compiled by the PPS is one of the best available for a comprehensive empirical analysis.
This study mainly uses 2009 procurement data from the contract data provided by the PPS for the period of 2007-2015. Table 2 summarizes the number of establishments, number of contracts, total amount of the contracts, and the total number of contracts with SME exclusive bidding, which excludes large enterprises from the bidding process according to government regulations. The SME-exclusive bidding regulation can be interpreted as one of the strongest factors in favor of SMEs.
For example, in 2007, the number of establishments that participated in the procurement market mediated by the PPS was 13,617 and the total number of contracts was 759,777 with a contract value of KRW 17.32 billion. Contracts of KRW 2.51 billion were awarded to SMEs with various SME-specific advantages during the bidding process. Note that the value of the SME-exclusive bidding contract increased significantly over time, reaching KRW 13.73 billion in 2015. 
C. Merged Dataset
According to the merged dataset, 3,096 establishments from the mining and manufacturing sectors were awarded KRW 13,244,109 billion in public procurement contracts in 2009. A total of 3,012 SMEs secured KRW 5,649,387 billion in public procurement contracts that year.
1 In addition, 84 large establishments from the mining and manufacturing sectors supplied the public sector with KRW 7,594,722 billion worth of goods and services. One important observation is that the number of establishments, including SMEs, is relatively small in the public procurement market. There were 56,273 SMEs with ten or more employees in 2009, but only 3,012 SMEs were awarded a contrast in the public procurement market. Among those, 977 SMEs won SMEexclusive bids.
III. Estimating TFP as a Performance Indicator
This section estimates an establishment-level production function using empirical data. The Levinsohn-Petrin (2003) approach to estimating production functions requires panel data with establishment-level capital, labor, and intermediate inputs. This paper uses panel data drawn from the MMS for the years 2007, 2008, 2009, and 2011. 2 The MMS, conducted by Statistics Korea, is a complete, enumeration-based survey of establishments with at least ten employees in mining and manufacturing. It contains a sufficient number of the variables to estimate TFP values. In particular, the MMS includes variables related to the firms' production costs, such as their power and water costs, which are proxies for the intermediate inputs needed to estimate the Levinsohn-Petrin production function. This makes the MMS one of the most appropriate databases for this paper's methodology.
For the capital variable, we use tangible assets owned by the establishment; however, we exclude land, which does not depreciate over time following the definition used in economics. For the labor variable, we use the number of employees for each establishment, whereas their power and water costs are used as proxies for intermediate inputs. Although both value-added and revenue can be used as output measures when using the Levinsohn-Petrin production function method, we use the former given that it is a more general choice when the required information is available.
The raw data include nominal values and therefore require a price adjustment over each time period. Because different variables may need different price indices, we use the producer price index for the output variables including value-added, whereas we use the consumer price index for all labor costs. 4 We use the final capital price index from the domestic supply price indices for all of the capital goods in the data. We use the power, gas, and water price indices from the producer price index to deflate the variables of the power and water costs.
To compare the results of production functions, we initially conduct a baseline model regression analysis and then a regression analysis under restrictive conditions assuming a homogeneous function of degree 1, in addition to the Levinsohn-Petrin estimation.
The baseline model regression analysis is based on the following specifications: Unlike the Levinsohn-Petrin model, this baseline model assumes that the establishment's employment level is independent of productivity. This may lead to endogeneity, as productive firms are likely to employ more workers.
Another model for the A regression analysis under restrictive conditions assuming a homogeneous function of degree 1 adds the condition 1     to the above specification. This specification follows the assumption that the original Cobb-Douglas production function is a homogeneous function of degree 1. Table 4 summarizes the estimation results of the three production functions discussed above. Note: Calculated by the author using MMS data of 2007, 2008, 2009, and 2011 ; P values in parentheses that show lower values indicate that the results are more statistically significant. The sample size for the Levinsohn-Petrin production function is 134,788 observations with information available on power and water costs from the MMS for 2007, 2008, 2009, and 2011 , whereas the sample size for the other regression models is 238,365.6. 4 Given that the estimation results use the number of employees, the consumer price index is used only for robustness checks.
5 TFP of establishment i at time t; TFP is a residual term in the regression analysis where the dependent variable is the establishment's value-added and labor, whereas capital inputs are independent variables. It consists of an intercept and an individual residual. 6 For the reference, if we only use 134,788 observations with power and water cost information for the OLS estimation, the log labor coefficient is 0.90 and the log capital coefficient is 0.24, with these values both statistically significant at P values of 0.000. For OLS with constraints, the log labor coefficient is 0.75 and the log capital coefficient is 0.25, also statistically significant with P values of 0.000 Table 4 shows that the baseline regression model overestimates the contribution of labor as a variable factor of production as compared to the Levinsohn-Petrin model. This is consistent with the expected result after considering the endogeneity problem that arises when firms with higher TFP levels use more variable inputs.
IV. Procurement Policy Evaluation
A number of econometric techniques have been developed for the policy evaluations. Among them, this study uses that known as propensity score matching estimation (PSME), which has been widely used in policy evaluations recently. Because the PSME is a non-parametric estimation technique, it can identify policy effects even when the variables have non-linear relationships. In addition, it produces credible results for policy evaluations because it only estimates the effects for the range where a control group that is similar to the treated group can be constructed. We also performed a multiple regression analysis as a robustness check.
7
Two assumptions underpin the use of the PSME. The first is that the treatment and control groups are equally likely to be assigned once their observational characteristics are properly controlled. This is based on the premise that observational variables capture the traits of each establishment effectively. Second, the probability of receiving the treatment cannot be 0 or 1 in individual observations. In other words, the PSME cannot be used when a certain condition always leads to treatment or non-treatment. For example, government financial support for households above a certain income level cannot be analyzed with the PSME.
The MMS data used in this analysis satisfy the stipulations of the first assumption, as this data include diverse observable variables such as establishment-level capital, revenue, sales, profits, as well as the number of regular and total employees. In addition, these surveys enable the researcher to compute industry-level variables to control for the heterogeneity of industries. The data also meet the second assumption, as they can restrict the sample to those establishments that can receive support from the government. 8 To illustrate the PSME, we set the outcome of interest, the firm's performance after policy intervention, as Y, which takes a value of 1 when the firm participates in the program and 0 otherwise. 
The most fundamental challenge during a policy evaluation is the observation of 7 OLS produces estimates for the range even when there is insufficient data based on a linear model. In contrast, PSME excludes the range when matching scores are not significant. 8 For the analysis here, we checked if any of these assumptions were violated by inspecting the propensity matching distribution and excluded observations with lower probabilities after calculating the propensity score. Y for firm i . If a firm participates in a government assistance program, its performance under no assistance cannot be observed. Likewise, if it does not participate in the program, its performance when receiving assistance cannot be observed.
As noted above, the PSME introduces two key assumptions to address this problem. The first assumption is conditional independence, whereby the assignment of firms to the government program is determined by observables. This takes the following form:
X denotes the observables of the firms and i T is a variable that takes a value of 1 when firm i participates in the government assistance program and 0 otherwise. This assumption implies that the assignment of firms is as good as random after controlling for observables. In the context of SME promotion policy, this means that there is no systematic difference between participating and nonparticipating firms in the government program once the firm's observable financial indicators, such as their capital, revenue, sales, profit, number of employees, wage levels, and the industry characteristics, are properly controlled.
The second assumption is that within the data, some firms participate in the government program while others with similar characteristics do not. In other words, the probability of a firm participating should not be either 0 or 1 with reference to observables. This leads to the following equation:
If a firm has a probability of 1 to participate in a program given certain characteristics, firms with those characteristics always participate. Consequently, it is impossible to construct a non-participating firm with similar characteristics as a counterfactual for the treated group. If a firm has a probability of 0 to participate, it creates the same issue when attempting to produce a match.
The following condition is met under the first assumption, illustrating a highly practical advantage of the PSME.
( ) P x is referred to as the propensity score, which is the probability that a firm with a characteristic x participates in a government assistance program. This condition is important because participating and non-participating firms can be compared on the basis of their propensity scores alone, thereby reflecting diverse variables. When more characteristics are controlled and these characteristics become more continuous, it becomes more difficult to find firms with identical characteristics. The propensity score technique helps mitigate this problem.
In this study, we adopted the following steps:
Step 1: We combined the establishment's inclusion in government support programs in 2009 and the corporate financial information for 2008 and 2011 using the business registration number of the establishment. This allows for a comparison of the effects of public procurement at the establishment level.
Step 2: We excluded data not relevant to this study's analysis; we omitted firms with annual revenue greater than KRW 100 billion and with more than 300 employees, as they are not eligible for government support to SMEs.
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Step 3: We chose the characteristics of the control group to be used for matching with the treated group. This analysis includes the TFP, revenue, sales, profit, economic capital, the number of employees, the number of regular employees, the annual average payment per employee, and the annual average payment per regular employee for each establishment in 2008. 11 We also included industry-wide averages for these variables on the basis of the two-digit standard industrial classification 12 in order to capture industry characteristics.
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Step 4: We analyzed the policy effects after matching individual establishments on the basis of the propensity score calculated from the characteristics chosen in the previous steps. A logit model was employed to estimate the propensity score. To match treated observations to untreated observations, we chose the nearest neighbor (NN) matching algorithm. We then estimated the average treatment effect on treated (ATET) with regard to policy intervention with the matched sample. The performance indicator for the evaluation was based on the establishment-level TFP, and it measures the growth in TFP between 2008 and 2011. Standard errors were calculated using the method suggested by Imbens (2004).
Step 5: We checked if the probability of receiving treatment was 0 14 in the support and also visually inspected the propensity score distribution by recipients and non-recipients to ensure that the second assumption for the PSME was met.
15 Tables 5, 6 , and 7 as well as Graph 1 summarize the estimation result of the effects of the public procurement policy in 2009 on the productivity and survivability of SMEs. While the SME participants in public procurement in 2009 enjoyed 10.67% higher productivity growth on average than those of the counterfactual situation for the same year, they show a lower TFP growth rate by 6.63% and a higher survival rate by 3.45% compared to those of the hypothetical non-participants in 2011. Thus, public procurement had a positive effect only in the year they produced goods and services for the public sector; after two years, it had a negative effect on the productivity of establishments awarded contracts, where the survivability is increased by the procurement factor. Next, we conducted estimations for two sub-cases, i.e., between SMEs with an explicit benefit and those without a benefit, as a comparison. In the first case, we included only in the treatment group SMEs that explicitly enjoyed benefits in bidding by competing only with other SMEs, in line with government regulations intended to prevent large establishments from bidding. The other case was the complement of the first case, where SMEs win the bid without such support from the government. Therefore, we can check whether government regulations were better or worse with regard to their achieving the goal of helping SMEs to grow beyond normal competition. Tables 8, 9 , and 10 indicate that the TFP growth of SMEs was indeed lower than the general estimate for SMEs when the SMEs had the explicit benefit of exclusive competition.
The SMEs awarded a public procurement contract with the benefit of governmental regulation in 2009 showed a 12.21% increase in TFP for the year of the contract, 2009, but the productivity feel to −10.05% in two years. In contrast, the survivability increased by 9.58%, indicating that the SMEs could survive without improving their productivity as required by the market. Note: Each SME awarded a procurement contract in 2009 with the benefit of SME-exclusive competition was matched with a control establishment according to a propensity score with the characteristics of 2008. Note: Each SME awarded a procurement contract in 2009 with the benefit of SME-exclusive competition was matched with a control establishment according to a propensity score with the characteristics of 2008. Note: Each SME awarded a procurement contract in 2009 with the benefit of SME-exclusive competition was matched with a control establishment according to a propensity score with the characteristics of 2008.
FIGURE 2. PROPENSITY SCORES FOR 2009 PUBLIC PPROCUREMENT PARTICIPATION (WITH THE BENEFIT OF SME-EXCLUSIVE COMPETITION)
Note: Each small and medium-sized enterprise (SME) awarded a procurement contract with the benefit of SME-exclusive competition in 2009 was matched with a control establishment according to a propensity score with the characteristics of 2008. Note: Each SME awarded a procurement contract without the benefit of SME-exclusive competition in 2009 was matched with a control establishment according to a propensity score with the characteristics of 2008. Note: Each SME awarded a procurement contract without the benefit of SME-exclusive competition in 2009 was matched with a control establishment according to a propensity score with the characteristics of 2008.
At this stage, we examine the complementary group, that is, SMEs awarded a procurement contract without the benefit of exclusive competition. Tables 11, 12 , and 13 summarize the estimation results.
The SMEs awarded a contract without the benefit of governmental regulation showed a 9.45% increase in their TFP for the year of the contract (2009), and though the productivity increase eroded in two years, the productivity change was Note: Each SME awarded procurement contract without the benefit of SME-exclusive competition in 2009 was matched with a control establishment according to a propensity score with the characteristics of 2008.
FIGURE 3. PROPENSITY SCORES FOR 2009 PUBLIC PROCUREMENT PARTICIPATION (WITHOUT THE BENEFIT OF SME-EXCLUSIVE COMPETITION)
Note: Each SME awarded a procurement contract without the benefit of SME-exclusive competition in 2009 was matched with a control establishment according to a propensity score with the characteristics of 2008.
not as significantly negative as it was for the SMEs with this benefit. The survivability rose by 3.98%.
The estimation results presented in this section strongly support the moral hazard hypothesis. In other words, if SMEs enjoy an additional benefit from the public procurement market to survive without the fierce competition they would otherwise face in the market, they may lower their efforts to improve their productivity. This can be interpreted as a type of moral hazard.
Although the PSME model is a more legitimate model and is the main model used in this study, we also estimated multiple regression models for TFP as a robustness check. The results mostly concur with the PSME result, except for the fact that SMEs without exclusive contracts also showed significantly lower productivity than in the counterfactual result. However, this outcome (−4.81%) was lower than it was for SME-exclusive contracts (−11.57%) or general cases (−7.31%).
We used the following specification for the multiple regression analysis: Table 14~19 summarizes the same three cases (all procurement contracts, SMEexclusive bidding, and non-SME-exclusive bidding) analyzed with the PSME for the effects of a procurement contract in 2009 on 2009 and 2011.
The estimation results from Table 14 and Table 15 are consistent with the results from the PSME. The productivity increased (10.43%p) for the very year (2009) they won the procurement bid, but the growth of the productivity for the recipients firms was even lower (-7.31%p) than that of other similar SMEs which did not win the bid after two years (2011).
The estimation results from Table 16 and Table 17 are also consistent with the PSME results. The productivity went up (11.77%p) for the very year (2009) the firms won the procurement bid with the advantage of exclusive bidding, but the growth in productivity for these recipient firms was even lower (-11.57%p ) than that by other similar SMEs which did not win the bid after two years (2011). Finally, Table 18 and Table 19 shows that the productivity of the SMEs increased (9.28%p) for the very year (2009) they won the procurement bid without the advantage of exclusive bidding, whereas the growth in the productivity for the recipients firms was lower (-4.81%p) than that of other similar SMEs which did not win the bid after two years (2011). Unlike the PSME result, the effect is negative and significant here, but the value (-4.81p%) is less than that for firms with the exclusive bidding advantage (-11.57%p ).
These results imply that the policy of providing SMEs with benefits to join the procurement market is not working as intended. A productive support policy for SMEs should be able to correct market failures so that SMEs can grow in a selfreliant manner; however, our evaluation shows that recipient companies display much lower productivity than those who are not helped, when compared two years after participation. As participation in procurement has a positive productivity effect during the first year as compared with the productivity of the firm in the control group, we can exclude the possibility that the procurement contract is indeed less favorable to the firm. Further, as the productivity performance in two years is worse than that of the non-recipients in the control group, we can assume that the procurement contract causes moral hazard of the recipient firm.
In contrast, establishments that participated in public procurement for SMEs in 2009 were more likely to survive than those that did not do so in 2011. These results can be interpreted as the negative consequences of government intervention; the market's efficiency enhancement will be hindered if underserving companies survive owing to government intervention but fail to improve efficiency.
V. Conclusion
Although it is widely believed that public procurement can be a useful tool to help SMEs attain growth, we found that it can in fact harm the productivity and growth of the recipient SMEs owing to the possible moral hazard of the recipient firms.
For a SME support policy, in general, the possibility of moral hazard is surprisingly neglected: the policy can also have unintended side effects on the firm by increasing dependency on the policy and retarding efforts to improve productivity. It is clearly an empirical question to check whether the policy is working as intended to boost SMEs or whether it has a negative effect on the performance of beneficiary firms. However, few empirical studies have rigorously analyzed this issue thus far.
This paper uses of a comprehensive dataset from the PPS combined with the MMS from Statistics Korea, computes economic productivity as a performance indicator using the Levinsohn-Petrin production function estimation method, and adopts the PSME as a policy evaluation tool. These methods and databases are applied to find that public procurement for establishments with ten or more employees in the Korean mining and manufacturing sector in 2009 actually lowered the productivity of the participating establishments while the survivability of the beneficiary establishments increased in 2011. This finding supports the hypothesis that public procurement for SMEs is not functioning as intended and has impeded the market; the recipients evaded the choice between improving productivity to survive in the market and quitting to release the resources for a reorganization, instead choosing the new option of depending on the procurement market and surviving without improving their productivity to the level demanded by the market.
The study's findings suggest that the procurement policy for SMEs should be revisited and overhauled and that the government should pay more attention to the screening process of the recipients and should monitor their performance. The government tends to consider that the cost of providing firms with access to the procurement market is rather low, but the cost of distortion, as found in this study, should also be considered.
